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Abstract
A reduced estimated glomerular filtration rate (eGFR) has been described as a predictor of heart failure (HF). However, the
increased risk across eGFR categories has not been fully evaluated, which is especially relevant in older individuals in whom
both the prevalence of HF and decreased eGFR are higher. Furthermore, this association has not been studied in
Mediterranean populations, where coronary heart disease (CHD), a frequent cause of HF, has a low prevalence. We
performed a retrospective cohort study using the electronic medical records from primary and hospital settings in
northeastern Spain. We included 125,053 individuals ≥60 years old with the determination of creatinine and without
diagnosis or previous admission due to HF. The eGFR was calculated according to the CKD-EPI formula and classified by
clinical categories. The association between eGFR, as a continuous and categorical variable, and the risk of admission due to
HF was assessed by Cox proportional risk analysis, considering death as a competitive risk. During a median follow-up of
38.8 months, 2,176 individuals (1.74%) were hospitalized due to HF. The unadjusted admission rates were 4.02, 13.0, 26.0,
and 48.6 per 1000 person-years for eGFR > 60, 45–59, 30–44, and 15–29 ml/min/1.73 m2, respectively. The corresponding
hazard ratios (95% confidence interval; reference eGFR 60–89) were 1.38 (95% CI 1.23–1.55), 2.02 (95% CI 1.76–2.32) and
3.46 (95% CI 2.78–4.31). In this Mediterranean community-based cohort of individuals ≥60 years old without previous HF,
the risk of admission due to HF gradually increased with decreasing eGFR.
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Introduction

In individuals with decreased estimated glomerular filtration
rate (eGFR), cardiovascular diseases (CVDs) are one of the
most frequent complications, with heart failure (HF) being
the most prevalent [1, 2]. HF is the leading cause of hos-
pitalization in people over 65 years of age in Spain; the
number of admissions due to HF in this age group increased
by 26% during the period from 2003 to 2011 [3]. The
prevalence of decreased eGFR below 60 ml/min/1.73 m2

and HF increase with age, and represent 29% and 10–20%,
respectively, of individuals older than 75 years [3, 4].

Some studies suggest that decreased eGFR is a predictor
of the development of HF [5–7], and a threefold incidence
of HF has been described in individuals with an eGFR < 60
[8]. However, the risk of HF across the clinical categories of
eGFR < 60 has not been fully evaluated, which is especially
relevant in older individuals, where 95% of individuals
present moderately decreased eGFR (30–59 ml/min/1.73
m2) [4], and there is ongoing debate about the clinical
significance of this parameter [9, 10]. Furthermore, the
association between eGFR and HF has been mainly studied
in Anglo-Saxon populations [5–8, 11], and there are no
studies in Mediterranean populations, where coronary heart
disease (CHD), a frequent cause of HF, has a lower inci-
dence [12]. In addition, previous studies did not calculate
eGFR by using the currently recommended CKD-EPI for-
mula [13, 14].
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Given the current trend in population aging and the high
prevalence of decreased eGFR in older individuals, the
impact on HF risk and the burden on the healthcare system
in the coming years are expected to increase.

The objectives of this study were to analyze the risk of
first hospital admission due to HF across eGFR categories
in individuals ≥60 years old without previous diagnosis of
HF in a community-based population from the Mediterra-
nean region.

Methods

Data sources and participants

The present analysis is a part of a larger project that eval-
uates the association between eGFR and the incidence of
cardiovascular events in individuals over 60 years of age.
The methodology has been previously published [4], but a
concise summary follows. We performed a retrospective
study of a community-based cohort using primary care and
hospital electronic medical records. We included 130,233
individuals born before 1951 who were registered in 1 of 40
Primary Health Centers in Costa de Ponent Primary Care
Service (Catalonia, northeastern Spain) and whose creati-
nine was measured between 1st January 2010 and 31st
December 2011. We excluded individuals with chronic
kidney disease stage 5 (eGFR < 15, kidney transplant or on
dialysis treatment), those in a home care program and those
with less than 30 days of follow-up.

Variables

The creatinine concentration was measured in a centralized
laboratory using the standardized Jaffé kinetic method
calibrated to an isotope dilution mass spectrometry (IDMS)
reference method. We calculated the eGFR using the for-
mula CKD-EPI [13]. The eGFR was classified according to
the following clinical categories: 15–29, 30–44, 45–59,
60–89, and 90–119ml/min/1.73 m2) [14].

We also collected data on age, sex, smoking status
(nonsmoker, smoker, former smoker), hypercholesterolemia
(total cholesterol >6.4 mmol/l or statin treatment), diagnosis
of hypertension (HTN, International Classification of Dis-
eases—ICD, 10th revision: I10, I15), diabetes mellitus
(DM, ICD10: codes E11, E12, E14), previous cardiovas-
cular disease (CVD, CHD: myocardial infarction [ICD10:
I21–I23 and ICD9: 410, 412], angina [ICD10: I20 and
ICD9: 411, 413], revascularization [ICD9: 36.0, 36.1],
cerebrovascular disease: stroke [ICD10: I61–I64 and ICD9:
433.01, 433.11, 433.21, 433.31, 433.81, 433.91, 434.01,
434.11, 434.91] and transient ischemic attack [ICD10:
G45–G46 and ICD9: 435] and peripheral arterial disease

[ICD10: I70, I73, I74, and ICD9: 440.2X, 440.3, 443.9]),
atrial fibrillation (ICD10: I48), and drugs acting on the
renin–angiotensin system (DRAS: angiotensin-converting
enzyme inhibitors, angiotensin II receptor antagonists and
direct renin inhibitors). Data on diuretic drugs were not
available.

We considered the date of the first creatinine determi-
nation during the inclusion period as the index date. Base-
line characteristics were those registered from the previous
year to 1 month after the index date.

For this analysis, individuals with a previous diagnosis or
admission due to HF were excluded.

Outcomes

We considered the primary endpoint as the first hospital
admission due to HF as the main diagnosis registered in the
hospital admission database (ICD9-CM codes: 402.01,
402.11, 402.91, 404.01, 404.11, 404.91, 404.03, 404.13,
404.93, and 428.xx). Individuals were followed up from
1 month after the index date until admission due to HF,
death, transfer, or end of the study (December 31, 2013).
All-cause mortality data were obtained from hospital and
administrative records without specifying the cause.

Statistical analysis

We performed a descriptive analysis. Continuous variables
were summarized as the mean and standard deviation or as
the median and interquartile range when their distribution
departed from normal and categorical variables as absolute
and relative frequencies. To evaluate differences in con-
tinuous variables between eGFR groups, we used Student’s
t or Kruskal–Wallis tests with normal and nonnormal dis-
tributions, respectively. We used the chi square test to
examine differences in categorical variables between eGFR
groups. We also performed linear trend tests through eGFR
categories.

Due to the low number of subjects with eGFR ≥ 120
(n= 14) and the diminished precision of estimates over this
point, we excluded these individuals from further analyses.

The cumulative incidence of HF admissions per 1000
person-year was calculated in eGFR ≥ 60 and eGFR < 60
groups according to KDIGO 2012 clinical categories [14].

We evaluated the association between eGFR, as a con-
tinuous and categorical variable, and the risk of admission
due to HF was calculated with the Cox proportional hazards
model using competitive risk techniques (Fine-Gray) to
consider the possible effect of death in estimating the risk of
admission. We defined eGFR= 80 as a reference because
this value represents the median eGFR of the population
and was classified in the 60–90 clinical category because it
included the largest number of individuals; notably, this
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values were clinically relevant [4]. The models were
adjusted for the relevant available variables according to the
literature review: age, sex, smoking, hypercholesterolemia,
DM, HTN, previous CVD, and atrial fibrillation. A further
adjustment was performed with DRAS treatment.

The assumption of proportionality of risk over time was
evaluated using Schoenfeld residuals for the exposure
variable (eGFR).

Several sensitivity analyses were performed. The use of
administrative data to identify HF patients may lead to some
misdiagnosis, and accurate adjudication of cause-specific
hospitalization is difficult. Therefore, the main analysis was
repeated, including HF hospital codes in primary and sec-
ondary positions [15]. Then, we excluded individuals with
HF risk factors (DM, HTN, and CVD) [16] to evaluate the
impact of eGFR on individuals with lower risk of HF.
Finally, we excluded individuals with DM to evaluate the
possible effects of hypoglycemic drugs on glomerular
function [17].

Results

Of the 130,233 individuals included in the cohort [4], we
excluded those with a diagnosis or previous admission due
to HF (n= 5,166) and individuals with eGFR ≥ 120 (n=
14). The 125,053 individuals finally included had a median
age of 70 years [interquartile range: 64.0; 76.0], and 56%
were women (Table 1). The overall prevalence of eGFR
15–59 ml/min/1.73 m2 was 12.5%, reaching 27.5% in
individuals ≥75 years old; most of these individuals (71.5%)
had moderate renal dysfunction (eGFR 45–59). The pre-
valence of cardiovascular risk factors in the cohort at
baseline was high: 61.0% of individuals had HTN, 23.9%
had DM, 50.1% had hypercholesterolemia, 14.8% were
diagnosed with CVD and 49.3% were under treatment with
DRAS. The prevalence of risk factors and cardiovascular
comorbidity increased significantly with decreasing eGFR.

During follow-up (median 38.8 months [1–48.7]), 1.74%
of individuals (n= 2,176) were admitted due to HF, and
4.40% (n= 5,503) died.

The association between eGFR and the risk of HF
admission was first analyzed as a continuous variable
(Fig. 1). The risk increased significantly and gradually from
eGFR 60 (adjusted hazard ratio-HR- point estimate 1.16;
confidence interval-CI- 95% 1.04–1.29) to eGFR 15 (HR
4.90; 95% CI 3.34–7.18). The unadjusted admission rates
for those with eGFR > 60 and eGFR < 60 were 4.02 and
17.4 per 1,000 person-years, respectively (Table 2). This
rate increased with the severity of renal dysfunction from
12.97/1,000 person-years in eGFR 45–59 to 48.62/1,000
person-years in eGFR 15–29. The adjusted risk of hospital
admission is shown in Table 3 (see Supplementary Table 1

for nonadjusted analysis). The HR for eGFR clinical cate-
gories were 1.38 (95% CI 1.23–1.55), 2.02 (95% CI
1.76–2.32), and 3.46 (95% CI 2.78–4.31) for eGFR 45–59,
30–44, and 15–29 ml/min/1.73 m2 respectively. These
values were comparable to the corresponding HR for HTN
(1.46; CI 95% 1.31–1.63), DM (1.92; CI 95% 1.76–2.09) or
established CVD (1.82; CI 95% 1.65–2.00). The cumulative
incidence of HF admission according to eGFR clinical
categories is shown in Fig. 2. The model was not sub-
stantially modified when the treatment variable (DRAS)
was added (Supplementary Table 2).

The sensitivity analyses showed similar results (Supple-
mentary Tables 3–5).

Discussion

In this community cohort of individuals ≥60 years old
without previous HF diagnosis in a region with low inci-
dence of CHD, the risk of admission due to HF increased
gradually with decreasing eGFR, independent of other risk
factors, even in individuals with the mild-moderate and
more prevalent disease stage (eGFR 45–59). The magnitude
of risk was comparable with that of other well-known risk
factors, such as HTN, DM, or other CVDs [16].

The association between eGFR < 60 and hospital
admission for HF in individuals with a prior diagnosis of
HF is clearly established [18]. In a recent study in a general
population including individuals with HF [19], the risk of
HF admission increased gradually with decreasing eGFR
and the presence of albuminuria.

However, there are few studies analyzing this risk across
eGFR categories in individuals without a prior diagnosis of
HF [20]. In population-based studies performed in the
United States, creatinine elevation [5, 21] and decreased
creatinine clearance [6] were associated with an increased
risk of HF admission up to 40%. The attributable risk of
creatinine > 1.4 mg/dl was 6.3% in individuals over 65
years of age [21]. Kottgen et al. [8] described an overall
adjusted relative hazard of developing HF of 1.94 (CI 95%
1.49–2.53) for individuals 45–64 years old with eGFR < 60,
which, however, was not confirmed in Caucasians aged
70–79 years [22]. The effect across clinical categories of
eGFR < 60 was not analyzed in these studies. The Physi-
cians Health Study [7], which included only men, reported a
2.5 times higher risk of HF in eGFR 45–59 with respect to
eGFR ≥ 60. The risk of HF was not statistically significant
in individuals with eGFR < 45, perhaps due to the low
number of individuals in this category.

To our knowledge, this study is the first to assess the risk
of incident HF across eGFR categories in individuals from a
Mediterranean population with a low incidence of CHD,
which has been described as the main etiologic factor

Heart failure admission across glomerular filtration rate categories in a community cohort of 125,053. . . 2015



(>50%) in patients with incident HF [23]. The unadjusted
rate of HF admission in individuals with eGFR < 60 was
17.4, which was lower than the rate described in the
recently published three Communities Study (22.0; 95% CI
19.3–24.8) in an Anglo-Saxon population [24]. In addition
to the incidence of CHD, other factors can explain these
differences, such as the design of the study, the inclusion of
a nonwhite population with a higher risk race and an earlier
study period. Despite these results, the difference in risks
between individuals with and without an eGFR < 60 is
similar (13%), which suggests a comparable eGFR attri-
butable risk in both populations.

The results update and confirm the importance of an
eGFR < 60 in the incidence of HF using the recommended
CKD-EPI formula and add relevant information regarding
the gradual relationship between decreased eGFR and the
risk of HF admission. The magnitude of the risk
was already evident in the mild-moderate population (eGFRTa
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Fig. 1 Association between estimated glomerular filtration rate
(eGFR), as a continuous variable, and the risk of admission due to
heart failure. Global p-value global <0.001. Adjusted hazard ratio
(HR) point estimation (95% confidence interval) at an eGFR= 60
(reference eGFR 80): eGFR= 15 4.90 (3.34–7.18), eGFR= 30 2.80
(2.40–3.27), eGFR= 45 1.72 (1.52–1.95), eGFR= 60 1.16
(1.04–1.29). Adjusted for age, sex, smoking status, hypertension,
diabetes mellitus, hypercholesterolemia, cardiovascular disease, and
atrial fibrillation

Table 2 Unadjusted admission rates for heart failure by estimated
glomerular filtration categories

eGFR categories
(ml/min/1.73 m2)

Unadjusted admission rates (1,000
persons-year)

≥60 4.02

<60 17.42

90–119 2.05

60–89 4.97

45–59 12.97

30–44 25.98

15–29 48.62

eGFR estimated glomerular filtration
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45–59), which represented 71.5% of individuals with
decreased eGFR; the risk increased gradually across eGFR
clinical categories, and doubled in the moderate–severe
category (eGFR 30–44).

The risk of developing HF throughout life has been
calculated as 26% [25]. In individuals ≥65 years old, the
risk of admission due to HF is higher than that for CHD or
stroke [24]. Clinical practice guidelines recognize the
importance of classical cardiovascular risk factors in the
development of HF [16, 26]. In the population study, the
risk of admission associated with eGFR 45–59 was similar
to that of HTN, while the risk of admission associated with
eGFR 30–44 was equivalent to that of DM or previous

CVD, which are all recognized as important risk factors in
the development of HF. Similar to previous studies, this
increased risk was maintained after the exclusion of indi-
viduals with DM, HTN, and CVD [7].

The role of renal dysfunction in the pathophysiology of
HF remains a matter of debate. Renal dysfunction has been
associated with an increased incidence of both reduced [27]
and preserved ejection fraction (PEF) HF [28]. Renal dys-
function has also been associated with volume overload,
which generally accompanies HF with PEF in older indi-
viduals [29]. In this study, the HF type was not available,
but the characteristics of the population (predominance of
elderly women and HTN) suggest a high proportion of HF
with PEF, which is the more prevalent HF type in primary
care [30].

As strengths of the study, we highlight the large number
of individuals included, representative of the population
attended in primary care. In addition, the determination of
creatinine was performed according to the method stan-
dardized to IDMS and in a single centralized laboratory,
which further reduces variability. Finally, the eGFR was
calculated using the currently recommended CKD-EPI
formula [13, 14].

However, some limitations must be mentioned. Although
inclusion bias cannot be completely excluded, we believe
that it is not important, as 93.1% of individuals ≥60 years of
age assigned to the Costa de Ponent health centers were
attended during the study period. In addition, eligible
individuals represented 73% of these individuals, and there
were no differences in age and sex compared with none-
ligible individuals [4]. Second, the eGFR category was
assigned with a single creatinine determination, which, due
to regression to the mean, could underestimate the effect.
Moreover, eGFR was estimated from serum creatinine
using the CKD-EPI formula. Although creatinine-based
estimation has limitations [13], and other formulas have
been proposed in older individuals, this formula is the usual
method in clinical settings and the currently recommended
formula [14]. Third, data on albuminuria were not available,
and we were unable to evaluate its effect on HF admission
risk. However, eGFR and albumin have shown independent
prognostic implications [14], and the results add valuable
information about the effect of eGFR. Fourth, comorbidity
baseline data were obtained from primary care electronic
medical records, and some infraregistration can exist.
However, CVD data have better quality than those for other
pathologies and showed validity in epidemiological studies
in our area [31, 32]. Published studies suggest that con-
trolling blood glucose levels with some newer drugs can
improve glomerular function in DM [17]. A sensitivity
analysis excluding individuals with diabetes was performed
with similar results. Fifth, the use of administrative data to
identify HF patients may lead to misdiagnosis, and the

Table 3 Adjusted risk of hospital admission due to heart failure
(hazard ratio and 95% confidence interval) considering death as a
competing risk

HR (95% confidence
interval)

p-value

Age 1.09 (1.08–1.10) <0.001

Sex (female) 1.05 (0.94–1.19) 0.381

eGFR category (ml/min/1.73 m2)

90–119 0.92 (0.79–1.08) 0.307

60–89 Ref

45–59 1.38 (1.23–1.55) <0.001

30–44 2.02 (1.76–2.32) <0.001

15–29 3.46 (2.78–4.31) <0.001

Smoking status

Non smoker Ref

Smoker 1.39 (1.15–1.67) 0.001

Former smoker 1.31 (1.15–1.48) <0.001

Hypertension 1.46 (1.31–1.63) <0.001

Diabetes mellitus 1.92 (1.76–2.09) <0.001

Hypercholesterolemia 1.03 (0.94–1.12) 0.586

Cardiovascular disease 1.82 (1.65–2.00) 0.000

Atrial fibrillation 3.39 (3.06–3.76) <0.001

HR hazard ratio, eGFR estimated glomerular filtration rate

Fig. 2 Cumulative incidence of hospital admission due to heart failure
across estimated glomerular filtration rate categories
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decision for hospitalization can differ depending on facil-
ities and physicians. The present study was performed in a
region with a health department that provides public uni-
versal healthcare coverage to all residents. The identifica-
tion of new cases of HF was based on hospital admissions,
which more reliably identifies new diagnoses of HF and
more severe cases, although this parameter may under-
estimate the total incidence of HF. HF codes in adminis-
trative databases have been shown to be highly predictive of
true HF cases [15]. Accurate adjudication of cause-specific
hospitalization is difficult, and studies in administrative
databases suggest that hospitalizations with HF diagnosis in
primary diagnostic positions are decreasing, while those
with HF coding in secondary diagnostic positions are
increasing [15]. The main analysis was repeated, including
HF hospital codes in primary and secondary positions,
which did not modify the main results. Finally, other cov-
ariates that may interfere with eGFR determination and be
associated with the outcome, such as infections and other
clinical events, socioeconomic level or drugs with possible
renal effect less frequently used in individuals without HF
(e.g., spironolactone), were not available. To reduce this
effect, we excluded individuals with <30 days of follow-up,
and although some residual confounding may exist, this
effect would be minimized by the large sample size.

Despite these limitations, we believe that the study pro-
vides relevant data on the relationship between decreased
eGFR and HF incidence in individuals ≥60 years.

Conclusions

In this community cohort of individuals ≥60 years old
without prior diagnosis of HF from a Mediterranean area
with low incidence of coronary disease, the risk of admis-
sion for HF increased independently and gradually with
decreasing eGFR, even at the more moderate and frequent
stages of renal dysfunction.

These results highlight the importance of eGFR, which is
easily available in primary care, as a risk factor for the
development of HF equivalent to other well-recognized risk
factors, such as HTN, DM, or previous CVD. In clinical
practice, it is therefore important to identify individuals with
decreased eGFR to prioritize the control of other risk factors
for the onset of HF.

Although the association between the eGFR and HF is
clear, more studies are needed to address its specific role in
the development of HF and to determine its value to predict
the risk of developing HF.
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